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OBJECTIVEdTo determine whether older adults with diabetes are at increased risk of an
injurious fall requiring hospitalization.
RESEARCH DESIGN AND METHODSdThe longitudinal Health, Aging, and Body
Composition Study included 3,075 adults aged 70–79 years at baseline. Hospitalizations that
included ICD-9-Clinical Modiﬁcation codes for a fall and an injury were identiﬁed. The effect of
diabetes with and without insulin use on the rate of ﬁrst fall-related injury hospitalization was
assessed using proportional hazards models.
RESULTSdAt baseline, 719 participants had diabetes, and 117 of themwere using insulin. Of
the 293 participants who were hospitalized for a fall-related injury, 71 had diabetes, and 16 were
using insulin. Diabetes was associated with a higher rate of injurious fall requiring hospitalization
(hazard ratio [HR] 1.48 [95% CI 1.12–1.95]) in models adjusted for age, race, sex, BMI, and
education. In those participants using insulin, compared with participants without diabetes, the
HR was 3.00 (1.78–5.07). Additional adjustment for potential intermediaries, such as fainting in
the past year, standing balance score, cystatin C level, and number of prescription medications,
accounted for some of the increased risk associated with diabetes (1.41 [1.05–1.88]) and insulin-
treated diabetes (2.24 [1.24–4.03]). Among participants with diabetes, a history of falling, poor
standing balance score, and A1C level $8% were risk factors for an injurious fall requiring
hospitalization.
CONCLUSIONSdOlder adults with diabetes, in particular those using insulin, are at greater
risk of an injurious fall requiring hospitalization than those without diabetes. Among those with
diabetes, poor glycemic control may increase the risk of an injurious fall.
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Unintentional falls are the leadingcause of injury-related hospitaliza-tion and death among older adults
aged 70–79 years in the United States and
resulted in $2.5 billion in medical care
expenditures in 2005 (1). The risk of fall-
ing is higher in older adults with diabetes,
particularly in those using insulin (2,3).
Several established risk factors for falls are
more common in people with diabetes,
including peripheral neuropathy, de-
creased physical performance, decreased
cognitive performance, poor vision, and
increased use of antidepressant medica-
tion (4–7). Additionally, hypoglycemic
episodes may contribute to fall risk. Fur-
thermore, falls are the leading cause of
fractures (8), and fractures are more com-
mon in those with diabetes (9–13). Taken
together, this evidence suggests that peo-
ple with diabetes, especially those using
insulin, may be more likely to sustain a
serious injury in a fall. However, previous
studies have yielded conﬂicting ﬁndings
regarding the association between diabe-
tes and the risk of serious fall-related in-
juries (14–16). Moreover, there is a
knowledge gap regarding the risk factors
for injurious falls speciﬁc to the popula-
tion with diabetes, because no such stud-
ies exist. Understanding and acting on
these risk factors could help to reduce
the burden of falls in the population
with diabetes. We used longitudinal data
from the Health, Aging, and Body Com-
position (Health ABC) Study to determine
whether older adults with diabetes, with
or without insulin therapy, are more
likely than those without diabetes to
have an injurious fall requiring hospitali-
zation.We also assessed risk factors for an
injurious fall hospitalization within the
subset of participants with diabetes.
RESEARCH DESIGN AND
METHODSdThe Health ABC Study, a
prospective longitudinal study that inves-
tigates changes in body composition and
functional decline among older adults,
has been previously described (17). In
summary, participants were recruited
from a sample of Medicare-eligible adults
living near Pittsburgh, Pennsylvania, or
Memphis, Tennessee. Participants were
excluded if they reported difﬁculty get-
ting around without assistive devices, re-
ported difﬁculty performing basic
activities of daily living, reported difﬁculty
walking one-quarter mile or climbing
10 steps without resting, reported life-
threatening illnesses, were not planning
to stay in the study area for $3 years, or
were participating in any research involv-
ing medications or modiﬁcation of eating
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habits. There were 3,075 black and white
adults (52% female, 58% white) aged 70–
79 years who enrolled in the study from
April 1997 to June 1998 and completed a
baseline evaluation. Participants were ob-
served for an average of 10 years. Study
procedures were approved by the institu-
tional review boards at all participating in-
stitutions. Participants provided written
informed consent.
Diabetes
Baseline diabetes was ascertained by self-
report of a physician’s diagnosis, self-report
of antidiabetes medication use, elevated
fasting glucose level ($126 mg/dL), or el-
evated levels on a 2-h oral glucose toler-
ance test ($200 mg/dL) (18).
Injurious fall requiring
hospitalization
A hospitalization was deﬁned as an event
where the attending physician admitted a
Health ABC Study participant to an acute
care, inpatient hospital and the partici-
pant stayed overnight at the hospital for at
least one night. Participants reported
hospitalizations biannually, and these
hospitalizations were conﬁrmed by med-
ical record review. A hospitalization due
to an injurious fall was deﬁned as any
hospitalization with an ICD-9-Clinical
Modiﬁcation (ICD-9-CM) external cause
of injury code (E-code) for accidental fall
(E880–E888), as well as an ICD-9-CM in-
jury code (800–999). Only the ﬁrst hos-
pitalization of a participant with ICD-9-
CM codes for both an injury and a fall
were included. For this study, 293 partic-
ipants were identiﬁed with at least one
hospitalization with ICD-9-CM codes
for both an injury and a fall.
Other covariates
Sociodemographic covariates, assessed by
questionnaire at baseline, included age,
race, sex, and education. Participants
were asked to identify the highest level
of school completed. Responses were
then categorized as follows: less than
high school, high school graduate, or
any postsecondary education. The dura-
tion of diabetes was determined through
self-reported age at the diagnosis of di-
abetes. Participants were asked to recall
their history of falling and fainting in the
past year, and to rate their vision with
glasses or contact lenses. Medication use
was determined by asking participants to
list both prescription and nonprescrip-
tion medications used in the preceding 2
weeks. Weight was measured using a
standard balance beam scale. Standing
heightwasmeasured using awall-mounted
Harpenden stadiometer (Holtain Ltd.,
Crymych, UK). BMI was calculated as
weight (in kilograms) divided by standing
height (in meters squared). Measure-
ments of physical performance included
the ability to do ﬁve chair stands, standing
balance score, and usual walking speed
(19,20). The ability to do ﬁve chair stands
was measured by having participants be-
gin in a seated position and stand up ﬁve
times as quickly as possible while keeping
arms folded across the chest. Standing
balance score (0–4) was based on the abil-
ity to perform semitandem and tandem
static balance tests, with a higher score
indicating better performance. Usual
walking speed was determined by
asking a participant to walk for 6 m at a
usual pace. Cognitive function was mea-
sured using the 100-point Modiﬁed
Mini-Mental State examination (3MS)
(21). Serum cystatin C level, a measure of
kidney function, was measured using a
BN II nephelometer (Dade Behring,
Inc., Deerﬁeld, IL) utilizing a particle-
enhanced immunonephelometric assay
(N Latex Cystatin C) (22). Hemoglobin
A1c was measured in baseline blood
specimens with Bio-Rad VARIANT high-
performance liquid chromatography as-
say. Hypoglycemic episodes associated
with the hospitalizations due to an injuri-
ous fall were determined by the presence
of ICD-9-CM codes 250.3, 250.8, and
251.0–251.2 (23).
Statistical analyses
Baseline characteristics were compared
across categories of diabetes status (i.e.,
without diabetes; with diabetes, no in-
sulin; with diabetes, insulin), using
ANOVAs for continuous measures and
x2 tests for categorical measures. The rate
of ﬁrst hospitalization with an injurious
fall was calculated as the number of events
per thousand person-years of follow-up.
Additionally, within the subpopulation
of Health ABC Study participants with dia-
betes, baseline characteristics were com-
pared between those with and without a
hospitalized fall injury using two-sample
t tests for continuous measures and x2 tests
for categorical measures.
Rates of ﬁrst hospitalization with in-
jurious fall were compared using Cox
proportional hazards models with time
to ﬁrst fall injury requiring hospitalization
as the dependent variable. Minimally
adjusted models included age, sex, race,
study site, education, and BMI; these
potential confounders were retained in
the full models. To identify potential
intermediary variables in the relationship
between insulin-treated diabetes and in-
jurious fall requiring hospitalization, the
following variables were assessed: fainting
in the past year, falling in the past year,
self-rated eyesight, ability to do ﬁve chair
stands, usual walking speed, standing
balance score, 3MS score, cystatin C level,
number of prescription medications, ben-
zodiazepine use, selective serotonin reup-
take inhibitor use, and antihypertensive
medication use. Models assessing potential
intermediaries were limited to participants
with baseline data on all of these variables
(N = 2,949). Usual walking speed, standing
balance score, 3MS score, cystatin C level,
and number of prescription medications
were included in models as categorical var-
iables. The potential intermediary variables
were entered individually into the mini-
mally adjusted model and retained if the
effect estimate for insulin-treated diabetes
compared with no diabetes was attenuated
by $10%. None of the variables met this
criterion. Potential intermediary variables
were then entered in groups of two or three
and retained based on the same criterion.
To identify the risk factors for an
injurious fall requiring hospitalization
within the subpopulation of people with
diabetes in this study, all variables that
were assessed for inclusion in the model
for risk associated with diabetes (see
above), plus A1C level, sulfonylurea use,
insulin use, and duration of diabetes,
were assessed in unadjusted models. Var-
iables that differed between those with
and without an injurious fall (P , 0.20)
were included in the initial model. Varia-
bles were removed using backward selec-
tion until only variables that were
signiﬁcant at P , 0.05 remained in the
model. Based on previous literature
showing an increased risk of falls among
people using insulin, insulin use re-
mained in the model, regardless of statis-
tical signiﬁcance.
All results were considered statisti-
cally signiﬁcant at P, 0.05. Data analyses
were performed using SAS (version 9.2;
SAS Institute, Cary, NC).
RESULTS
Diabetes and risk of injurious fall
At baseline, 602 participants (19.6%) had
diabetes and were not using insulin, and
117 participants (3.8%) had diabetes and
were using insulin. Baseline character-
istics by diabetes and insulin use status
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are presented in Table 1. Those with di-
abetes did not report more falls in the year
before baseline, but were more likely to
have poor performance on the walking
speed and balance tests.
During the mean follow-up period of
10.1 years (SD 3.5 years), 293 participants
experienced at least one injurious fall re-
quiring hospitalization, including 223
participants without diabetes, 55 with
diabetes who were not using insulin, and
16 with diabetes who were using insulin.
The rate of injurious fall requiring hospi-
talizations was 9.4 per 1,000 person-years
among participants without diabetes.
Among participants with diabetes, the
rate was 10.0 per 1,000 person-years
(P = 0.70 compared with participants
without diabetes) in those who were not
using insulin and 16.4 per 1,000 person-
years (P = 0.03 compared with participants
without diabetes) in those using insulin. Of
293 participants who experienced a ﬁrst hos-
pitalization for an injurious fall, 63.5% (n =
186) had a fracture. The rate of hospitaliza-
tion for an injurious fall when excluding frac-
tureswas 3.6per 1,000person-years. Among
participants with diabetes who were not us-
ing insulin, 2 of 55 hospitalizations for an
injurious fall (3.6%) were associated with a
hypoglycemic episode. Among participants
with diabetes who were using insulin, 1 of
16 hospitalizations for an injurious fall
(6.2%) was associated with a hypoglycemic
episode.
Relative to participants without di-
abetes, those with any diabetes had an
elevated risk of hospitalization for an
injurious fall (hazard ratio [HR] 1.48
[95% CI 1.12–1.95]) (Table 2), even after
adjustment for potential intermediaries
(history of fainting, standing balance
score, cystatin C level for renal function,
and number of prescription medications)
(1.41 [1.05–1.88]). In models stratiﬁed
by insulin use, those who had diabetes
but were not using insulin had an elevated
risk of hospitalization for an injurious fall
relative to participants without diabetes,
but the difference was not statistically sig-
niﬁcant (1.30 [0.96–1.76]). Participants
who used insulin had a signiﬁcantly
higher risk of hospitalization for an inju-
rious fall than those without diabetes
(3.00 [1.78–5.07]) and those with diabe-
tes not using insulin (2.18 [1.22–3.93]).
For analyses of potential intermediaries,
models were restricted to the 2,949 partic-
ipants with complete data on the covariates
considered. Adjusting for a combination of
fainting in the past 12 months, standing
balance score, cystatin C level, and number
of prescriptionmedications explained 13%
of the association comparing participants
using insulin to those without diabetes
(2.24 [1.24–4.03]), and 40% of the associ-
ation comparing participants using insulin
to those with diabetes not using insulin
(1.44 [0.74–2.77]) (Table 2). Adjustment
for additional covariates did not further
attenuate the estimate of the association be-
tween insulin-treated diabetes and hospi-
talization for an injurious fall.
In secondary models excluding hos-
pitalizations with a fracture injury, the
effect estimates in minimally adjusted
Table 1dBaseline characteristics by diabetes and insulin status in the Health ABC Study
Characteristics
No diabetes
(n = 2,356)
Diabetes
P
value
No insulin
(n = 602)
Insulin
(n = 117)
Age (years) (N missing = 0) 73.6 6 2.9 73.7 6 2.8 73.5 6 2.9 0.68
Female sex (N missing = 0) 53.4 44.0 52.1 ,0.01*
White race (N missing = 0) 61.6 51.5 28.2 ,0.01*
Study site (Pittsburgh) (N missing = 0) 49.8 50.7 41.9 0.21
Education (N missing = 8) ,0.01*
Less than high school 23.1 30.1 44.4 d
High school graduate 32.4 34.3 27.4 d
Any postsecondary education 44.5 35.6 28.2 d
BMI (kg/m2) (N missing = 0) ,0.01*
Underweight 1.5 0.8 0.0 d
Normal weight 34.1 21.1 17.9 d
Overweight 42.7 41.5 36.8 d
Obese 21.7 36.5 45.3 d
Fainted in the past year (yes) (N missing = 6) 2.5 3.3 6.8 0.02*
Fell in the past year (yes) (N missing = 11) 21.1 21.1 25.6 0.50
Eyesight with glasses/contacts (excellent/good)
(N missing = 3) 80.6 76.4 67.5 ,0.01*
Able to do 5 chair stands (yes) (N missing = 32) 97.5 97.1 95.5 0.42
Usual walking speed (m/s) (N missing = 24) ,0.01*
,1.02 22.6 26.9 45.7 d
1.02–1.16 24.4 29.0 26.7 d
1.17–1.31 25.8 22.4 14.7 d
$1.32 27.2 21.7 12.9 d
Standing balance score (N missing = 6) ,0.01*
0–3 (unable to perform both tests) 12.8 16.2 29.9 d
4 (able to perform both tests) 87.2 83.8 70.1 d
3MS examination score (N missing = 14) ,0.01*
,86 20.7 26.5 41.9 d
86–92 22.1 24.0 25.6 d
92–96 26.5 27.5 13.7 d
$96 30.7 22.0 18.8 d
Cystatin C (mg/L) (N missing = 31) ,0.01*
,0.86 23.5 22.1 23.5 d
0.86–1.00 28.3 21.4 20.0 d
1.00–1.14 24.1 25.6 20.9 d
$1.14 24.1 30.8 35.7 d
Number of prescription medications
(N missing = 20) ,0.01*
0–1 37.0 20.2 8.5 d
2–3 29.9 33.6 21.4 d
$4 33.1 46.2 70.1 d
Benzodiazepine use (yes) (N missing = 10) 5.6 3.7 5.1 0.17
SSRI use (yes) (N missing = 10) 3.1 2.0 0.9 0.16
Antihypertensive medication use (yes)
(N missing = 10) 50.9 64.5 77.8 ,0.01*
Data are either mean 6 SD or %. *P , 0.05.
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models for diabetes without insulin use
(HR 1.35 [95% CI 0.83–2.19]) and dia-
betes with insulin use (2.80 [1.11–7.07])
remained similar to the results for all hos-
pitalizations due to an injurious fall.
Risk factors for injurious falls
among those with diabetes
Among 719 participants with diabetes at
baseline, 71 (9.9%) were hospitalized
with an injurious fall. In unadjusted
models, factors associated with increased
risk of hospitalization for an injurious fall
included older age and female sex (Table
3). Falling in the past 12 months, but
not a history of fainting, was associated
with an increased risk of hospitalization
for an injurious fall. The ability to do ﬁve
chair stands and standing balance perfor-
mance, but not walking speed, were also
associated with hospitalization for an in-
jurious fall. Poor glycemic control (A1C
$8%) was associated with hospitalization
for an injurious fall in unadjusted models.
Participants with a longer duration of di-
abetes ($16 years) had an increased risk
of injurious fall hospitalization, compared
with participants identiﬁed as having di-
abetes by baseline glucose tests adminis-
tered during the Health ABC Study.
Factors independently associated with
hospitalization for an injurious fall in
multivariable models included falling in
the past 12 months, lower standing bal-
ance score, and poor glycemic control.
Insulin use was not independently asso-
ciated with hospitalization for an injuri-
ous fall in multivariable models (Table 3).
CONCLUSIONSdOlder adults with
diabetes had a higher risk of sustaining a
fall-related injury requiring hospitaliza-
tion than those without diabetes. In par-
ticular, those using insulin had three
times the risk. In those with diabetes
who were not using insulin, our results
are consistent with a modest (30%) in-
crease in risk, but we could not rule out a
lack of effect. A small portion (13%) of
the increased risk in those with insulin-
treated diabetes was accounted for by
more frequent fainting, poorer balance,
reduced renal function, and use of more
prescription medications. However, fac-
tors that accounted for a greater portion of
the increased risk could not be identiﬁed
in this study.
Within the subpopulation of partic-
ipants with diabetes, participants using
insulin had two times the risk of
sustaining a fall-related injury requiring
hospitalization than those not using in-
sulin. Falling in the past year, poor stand-
ing balance, and A1C levels $8.0% were
independently associated with this in-
creased risk, but insulin use was not an
independent risk factor in the multivari-
able models.
Diabetes is associated with an in-
creased risk of falling (14–16), par-
ticularly in people using insulin (5).
However, there is little information avail-
able on whether diabetes is associated
with serious injury due to a fall. A few
previous studies have investigated this as-
sociation but have produced conﬂicting
results. In a case-control study investigat-
ing the effect of chronic medical condi-
tions and the risk of fall injuries,
diabetes did not have an effect on fall
injuries after adjusting for age and sex (14).
However, a longitudinal study of adults
aged $20 years found that individuals
with a history of diabetes had an increased
risk for injurious falls (16). And, a study in
Scotland using a national trauma registry
found that the rate of serious injury due
to a low trauma fall was greater in those
with insulin-treated diabetes compared
with the general population (15).
Previous studies, including a report
from this cohort, have shown that fracture
risk is elevated in older adults with di-
abetes, and insulin use appears to further
increase this risk (5,11,12,24). Falls are
the leading cause of fractures among older
adults (8). Consistent with these previous
ﬁndings, the results of our study reﬂect in
part an increased risk of fall-related frac-
tures with diabetes. However, the in-
crease in serious fall-related injuries
associated with insulin-treated diabetes
in our study was not limited to fractures.
This increased risk of fall-related injuries
among patients with diabetes using insu-
lin may reﬂect the fact that, compared
with diabetes patients not using insulin,
diabetes patients using insulin have more
severe comorbidities, such as peripheral
vascular disease (25) and peripheral neu-
ropathy (6), that affect proprioception
and function in the legs (26).
The factors that we identiﬁed as
intermediaries in the association between
insulin-treated diabetes and increased
risk of injurious falls, including more
frequent fainting (27), poorer balance
(28), reduced renal function (29), and
polypharmacy (30), have been identiﬁed
as risk factors for falls or fall injuries in
previous studies in broader populations
of older adults. Hypoglycemic episodes
are thought to contribute to fall risk in
patients with diabetes using insulin.
However, in our data, very few fall inju-
ries were associated with hypoglycemia.
Only 1 of 16 hospitalizations for an inju-
rious fall (6.2%) among participants with
diabetes who were using insulin was re-
lated to a potential hypoglycemic episode.
Hospital records were used to identify
episodes that may have underestimated
the occurrence of hypoglycemia. With
increasing use of glucose monitoring,
studies show that hypoglycemia is more
common than thought, and usually re-
mains unrecognized in patients (31–33).
Therefore, hypoglycemia possibly contributes
Table 2dAssociation between diabetes and having an injurious fall requiring hospitalization in the Health ABC Study
Models Any diabetes* Diabetes, no insulin* Diabetes, insulin* Diabetes, insulin†
Minimally adjusted‡ (all eligible sample size) (n = 3,067) 1.48 (1.12–1.95) 1.30 (0.96–1.76) 3.00 (1.78–5.07) 2.18 (1.22–3.93)
Models assessing intermediaries (n = 2,949)
Minimally adjusted 1.44 (1.08–1.91) 1.31 (0.96–1.78) 2.54 (1.43–4.51) 1.83 (0.97–3.46)
Minimally adjusted + fainting in the past year 1.43 (1.07–1.90) 1.30 (0.96–1.77) 2.44 (1.37–4.35) 1.79 (0.94–3.40)
Minimally adjusted + standing balance score 1.42 (1.07–1.89) 1.30 (0.96–1.77) 2.41 (1.35–4.29) 1.56 (0.85–2.99)
Minimally adjusted + cystatin C 1.43 (1.07–1.90) 1.30 (0.95–1.77) 2.50 (1.40–4.45) 1.80 (0.95–3.41)
Minimally adjusted + number of prescription medications 1.43 (1.07–1.90) 1.31 (0.96–1.78) 2.40 (1.34–4.30) 1.67 (0.87–3.20)
Minimally adjusted + four covariates listed above 1.41 (1.05–1.88) 1.30 (0.95–1.78) 2.24 (1.24–4.03) 1.44 (0.74–2.77)
Data are HRs and 95% CIs. *Referent category: no diabetes. †Referent category: diabetes, no insulin. ‡Minimally adjusted model includes age, sex, race, study site,
education, and BMI.
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Table 3dRisk factors for injurious fall requiring hospitalization among participants with diabetes in the Health ABC Study
Characteristics
No injurious fall
(n = 648)
Injurious fall
(n = 71)
Unadjusted HR
(95% CI)
Multivariable HR
(95% CI)
Age (years) (N missing = 0) 73.6 6 2.8 74.3 6 2.9 1.11 (1.02–1.21)* d
Female sex (N missing = 0) 43.4 63.4 2.00 (1.23–3.24)* 1.85 (1.08–3.17)*
White race (N missing = 0) 46.5 59.2 1.46 (0.91–2.34) 2.10 (1.24–3.56)*
Study site (Pittsburgh) (N missing = 0) 47.1 69.0 2.26 (1.37–3.74)* 2.34 (1.35–4.06)*
Education (N missing = 8)
Less than high school 33.5 22.5 Ref d
High school graduate 32.9 35.2 1.46 (0.78–2.74) d
Any postsecondary education 33.5 42.3 1.59 (0.87–2.91) d
BMI (kg/m2) (N missing = 0)
Underweight 0.6 1.4 2.90 (0.38–21.87) d
Normal weight 20.4 22.5 Ref d
Overweight 41.2 36.6 0.75 (0.40–1.40) d
Obese 37.8 39.4 0.87 (0.47–1.61) d
Fainted in the past year (yes) (N missing = 0) 3.9 4.2 1.29 (0.41–4.10) d
Fell in the past year (yes) (N missing = 4) 20.2 36.6 2.23 (1.38–3.62)* 2.23 (1.33–3.73)*
Eyesight with glasses/contacts (excellent/good) (N missing = 1) 74.8 76.1 0.98 (0.57–1.70) d
Able to do 5 chair stands (yes) (N missing = 14) 97.3 92.8 0.34 (0.14–0.85)* d
Usual walking speed (m/s) (N missing = 9)
,1.02 29.7 32.4 Ref d
1.02–1.16 28.2 32.4 0.97 (0.54–1.73) d
1.17–1.31 21.8 15.5 0.57 (0.28–1.18) d
$1.32 20.3 19.7 0.72 (0.37–1.40) d
Standing balance score (N missing = 2)
0–3 (unable to perform both tests) 16.4 36.6 3.26 (2.01–5.29)* 2.73 (1.57–4.75)*
4 (able to perform both tests) 83.6 63.4 Ref Ref
3MS examination score (N missing = 6)
,86 29.9 21.1 Ref d
86–92 24.8 19.7 1.00 (0.48–2.07) d
92–96 24.1 35.2 1.75 (0.92–3.33) d
$96 21.2 23.9 1.23 (0.61–2.46) d
Cystatin C (mg/L) (N missing = 7)
,0.86 22.4 22.1 Ref d
0.86–1.00 21.7 16.2 0.80 (0.37–1.75) d
1.00–1.14 24.5 27.9 1.25 (0.63–2.45) d
$1.14 31.4 33.8 1.33 (0.69–2.56) d
Number of prescription medications (N missing = 3)
0–1 18.8 14.1 Ref d
2–3 31.3 33.8 1.38 (0.66–2.89) d
$4 49.9 52.1 1.56 (0.78–3.14) d
Insulin use (yes) (N missing = 0) 15.6 22.5 1.65 (0.94–2.88) 1.24 (0.64–2.41)
Benzodiazepine use (yes) (N missing = 2) 4.2 1.4 0.36 (0.05–2.61) d
SSRI use (yes) (N missing = 2) 1.7 2.8 1.76 (0.43–7.18) d
Antihypertensive medication use (yes) (N missing = 2) 67.2 62.0 0.87 (0.54–1.41) d
Sulfonylurea use (yes) (N missing = 2) 36.2 35.2 1.01 (0.62–1.65) d
A1C level (N missing = 20)
,8.0 68.2 58.2 Ref Ref
$8.0 31.8 41.8 1.73 (1.06–2.81)* 1.76 (1.02–3.05)*
Duration of diabetes (years) (N missing = 47)
Identiﬁed by Health ABC Study 38.5 27.5 Ref d
0–5 19.9 26.1 1.77 (0.93–3.38) d
6–15 20.6 17.4 1.25 (0.61–2.57) d
$16 21.1 29.0 1.97 (1.05–3.69)* d
Data are either mean 6 SD or % unless otherwise stated. SSRI, selective serotonin reuptake inhibitor; Ref, referent value. *P , 0.05.
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to falls more often than was found in this
study.
Among participants with diabetes in
this study, poor balance and inadequate
glycemic control were associated with an
increased risk of injurious falls. To our
knowledge, there have been no previous
studies examining risk factors for injuri-
ous falls in older adults with diabetes.
However, other studies have considered
risk factors for any fall in people with
diabetes (7,29,34,35). In a previous re-
port based on the Health ABC Study pop-
ulation, we found that poor balance, but
not high A1C level, was a risk factor for
any fall in older adults with diabetes (29).
The Women’s Health and Aging Study
found that poor lower extremity function,
including a test of balance, was a risk fac-
tor for recurrent falls in participants with
diabetes (7). Results from other studies
for the effect of glycemic control on fall
risk have been mixed with reports of in-
creased risk (35) with poorer control and
reports of no association (36). While pre-
vious research has demonstrated that bal-
ance training among adults 50–75 years
old with diabetes reduces the risk of all
falls (37), further research, including in-
tervention studies, would be warranted to
determine whether improvements in bal-
ance and glycemic control could reduce
the number of injurious falls in older
adults with diabetes.
Our study had several strengths. The
Health ABC Study was a prospective
longitudinal study, with an average
follow-up time of 10 years. Furthermore,
diabetes status was determined through
glucose measurements as well as self-report,
decreasing the likelihood of misclassiﬁ-
cation of diabetes status. Additionally,
all hospitalization records were vali-
dated and reviewed by trained study
staff. Despite these strengths, our study
also contained limitations. Falls were
identiﬁed from hospital record E-codes
that are potentially underused (38) and
misused (39). It seems likely that misclas-
siﬁcation of falls would be nondifferential
with respect to diabetes status and would
therefore tend to bias results toward the
null. Furthermore, it is possible that par-
ticipants with diabetes were more likely to
be hospitalized for treatment for any con-
dition, including falls, which would tend
to overestimate the association between
diabetes and hospitalization due to an
injurious fall. Finally, this study did not
capture nonhospitalized fall injuries, and
therefore these results may not apply to
less severe falls.
In summary, we found that older
adults with diabetes have an increased
rate of fall-related injury requiring hospi-
talization. In particular, those with
insulin-treated diabetes were almost three
times more likely than their counterparts
without diabetes to experience such a fall-
related injury. Improving balance and
maintaining adequate glycemic control
in older adults with diabetes, especially
those with a history of falls, may reduce
the risk of a serious fall injury.
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